Lean manufacturing (LM) is currently enjoying its second heyday. Companies in several industries are implementing lean practices to keep pace with the competition and achieve better results. In this article, we will concentrate on how companies can improve their inventory turnover performance through the use of lean practices. According to our main proposition, firms that widely apply lean practices have higher inventory turnover than those that do not rely on LM. However, there may be significant differences in inventory turnover even among lean manufacturers depending on their contingencies. Therefore, we also investigate how various contingency factors (production systems, order types, product types) influence the inventory turnover of lean manufacturers. We use cluster and correlation analysis to separate manufacturers based on the extent of their leanness and to examine the effect of contingencies. We acquired the data from the International Manufacturing Strategy Survey (IMSS) in ISIC sectors 28-35.
Introduction
Every company has to invest in manufacturing management programs, methods and technologies in order to remain competitive. One very popular investment choice nowadays is lean production (LP), which consists of several manufacturing practices, including process focus, pull production, quality development, total productive maintenance, continuous improvement, worker empowerment, supplier development, and so on. The main objective of LP is to satisfy customer needs on the highest possible level through the elimination of waste. Some sources of waste are overproduction, faulty products, sub-optimized processes, unnecessary waiting, movement or transportation, and excess inventory. However, if this is true, and several kinds of waste can be reduced, why does every company not implement LP, and why do some fail during the implementation process? In the early literature, researchers blamed various conditions: for example, excessive demand fluctuation, a high level of product variation, or low demand that therefore cannot justify a line production system or cellular manufacturing. A few years later, however, we read about successful lean manufacturing program implementation at companies and industries that were far from satisfying these conditions (e.g., health care, Fillingham, 2007) . As a result, the question arises of whether LP can be successful under any circumstances and what results can be achieved if the circumstances are not ideal. In this paper, we investigate how various contingency factors influence inventory turnover performance, a very important indicator of the success of LP in companies applying lean practices (see e.g., Huson and Nanda, 1995) . For this purpose, we formulate the following research questions: (Karlsson -Ahlstrom, 1996) We analyzed data from an international manufacturing survey that also contained questions from other corporate functions, but wherein manufacturing was in the focus. On this basis, we concentrated our subsequent efforts only on the LM part of lean production. This decision was also supported by the fact that manufacturing is the function whereby leanness is usually introduced to a company. Therefore, if one is looking for candidates for lean adaptation, one must look at the first area of LP implementation-that is, manufacturing. Karlsson and Ahlstrom (1996) enumerate the following building blocks of LM: elimination of waste, continuous improvement, multifunctional teams, zero defects/JIT, vertical information systems, decentralized responsibilities/integrated functions, pull versus push (see Figure 1 ). As the goals of LM are realized through the implementation of several lean practices, we will investigate them more closely in the section that follows.
Lean practices
There are numerous practices that can be applied under LM. This is one reason why one finds rather different individual practices investigated in the relevant literature, though the focus on LM is the same (e.g., see Sohal and Egglestone, 1994; Oliver et al., 1996; White et al., 1999) . A better approach is to create bundles of practices that show the multi-faceted nature of LM. There have been several classifications of bundles put forth by previous literature. For example, Lowe et al. (1997) differentiate between three bundles of practices: factory practices (related to the minimization of buffers), human resource management (HRM) practices (concerning the encouragement of high commitment and motivation among the workforce) and work systems (related to teamwork and the development and application of employee knowledge and skills on the shop floor). On the other hand, Sakakibara et al. (1997) describe infrastructure practices (quality management, workforce management, manufacturing strategy, organizational characteristics, product design) and JIT practices (set-up time reduction, schedule flexibility, maintenance, equipment layout, kanban, and JIT supplier relationships). Dal Pont et al. (2008) identify three bundles; namely JIT (with items such as JIT delivery, frequent supplier delivery, kanban pull systems, small lot sizes, and so on), TQM (with items like statistical process control, poka yoke, equipment problem-solving, and so on) and HRM (with items such as employee encouragement, multiple task training, flat organization structure, and so on). In the following, we will use the classification developed by Shah and Ward (2003) , which lists four different bundles; namely, JIT, total quality management (TQM), total productive maintenance (TPM) and human resource management (HRM). We chose this classification because we believe that it encompasses the various aspects of LM in the most comprehensive way. What are the relationships among these four elements? TQM, JIT and TPM have similar fundamental goals: continuous improvement and waste reduction. Together, they are a comprehensive set of manufacturing practices directed towards improving performance. Two major forms of waste can be addressed by JIT through the associated practices: work-in-process inventory and unnecessary delays in flow time. TPM helps to maximize equipment effectiveness throughout its entire life, and TQM is aimed at continuously improving and sustaining quality products and processes . TQM and TPM are the two pillars that support JIT production systems, but it is often hard to clearly separate their effect on manufacturing performance, which indicates that perhaps TQM and TPM are strongly interrelated (Imai, 1998; McKone et al., 2001 ). Sriparavastu and Gupta (1997) investigated the implementation of JIT and TQM principles in US manufacturing firms. They found that the joint application of JIT and TQM increased quality standards and productivity more than either JIT or TQM alone. According to Cua et al. (2001) simultaneous implementation of TQM, JIT and TPM will result in higher performance than will the implementation of practices from only one of TQM, TPM, and JIT. The fourth bundle, HRM, shows the work organization practices in LM. JIT changes the previously existing work environment so that the importance of proper human resource management increases. As both JIT and TQM rely on the concept of teams, the involvement of employees is necessary for efficient operations (Forza, 1996) . Previous empirical research supported the idea that HR practices contribute most when they are implemented in bundles and integrated with manufacturing policies. Plants that bundled HR practices with manufacturing practices outperformed those that were not doing this. As such, HRM supported both JIT and TQM (Flynn et al., 1995; Macduffie, 1995) . See Figure 2 for a visual representation of the practices in question. 
Inventory outcomes of lean manufacturing
Manufacturing performance is related to a combination of practices; hence, several performance measures can be used efficiently. The most typical measures are rejects and scrap, reworking, labor and machine productivity, product quality, inventory levels and turnover, unit manufacturing cost, manufacturing cycle time, delivery speed and reliability (De Toni and Tonchia, 1994; Flynn et al., 1995; Lowe et al., 1997; White et al., 1999; Shah and Ward, 2003; Vastag and Whybark, 2005) . Of these measures, we can emphasize inventory turnover as a visible and concrete marker of world-class performance and also as an indicator of effort. However, according to Schonberger, (2003) only 34% of 1000 studied world-class manufacturing firms were able to increase inventory turnover for at least 10 years, manufacturing performance is often most heavily weighted by inventory turnover ratio. This interesting fact shows that the change in time of inventory turnover is not that trivial (Sakakibara et al., 1997) . Higher inventory turnover means that the company has to invest less capital in raw materials (RM), work-in-process (WIP) or finished goods (FG). Certainly, reducing the amount of working capital frees up loans or makes additional investments possible. One of the fundamental goals of LM is to eliminate excess inventories as a form of waste. Other sources of waste also affect the level and turnover of inventories. Overproduction, for example, means that the company produces more products than expected, which results in high FG inventories that spend a long time in the warehouse or might never be sold. Faulty products can result in useless materials, waiting for processing leads to more WIP, and unnecessary transportation between working stations or plants also increases inventory. Thus, it seems obvious that eliminating wastes can result in higher inventory turnover, or in other words, a shorter time spent in the form of inventories. As we mentioned earlier, lean practices used in LM consist of four bundles. Based on those bundles, the effects of TQM and JIT practices on inventory turnover were more exhaustively researched. Companies observed significant improvements in lead time, delivery cycles, productivity and quality levels, rejection rates, and customer satisfaction; there was substantial reduction in stocks of FG and WIP (Sohal and Egglestone, 1994; Flynn et al., 1995; Lowe et al., 1997; Sriparavastu and Gupta, 1997) .
Contingency factors and lean practices
The role of contingency factors is becoming progressively more important in operations management. Previous studies examined factors such as size, capacity utilization, process type (volume/variety, degree of customization), product type, unionization, plant age or industry (e.g., see Crawford et al., 1988; Sriparavastu and Gupta, 1997; Cua et al., 2001; Shah and Ward, 2003) . Unionization and plant age were found not to be as important as common wisdom would suggest (Shah and Ward, 2003) . Size and process type seem to be much more important when dealing with firms in the manufacturing industry. A higher level of manufacturing performance was found in larger firms, with lower levels of utilization and greater process orientation ). In addition, the choice of industry can significantly affect the results of the research. Because of this, the applied methodology should be chosen carefully to avoid bias towards certain industrial sectors and to help researchers grasp the essence of the industries examined (Davies and Kochbar, 2002) . Size is the contingency factor that we investigated thoroughly. The proper distinction between small and large firms varies from article to article, but the most common delineation is 250-500 employees. Differences in size mean different problems for small and large firms. Small firms lack clout with suppliers; their production schedules are less stable. They require extensive training in order to implement lean practices but often do not have the sufficient financial resources for this task. Their organizational structure is less formalized and contains fewer levels, which influences factors such as intra-firm methods of communication (White et al., 1999) . Differences in size have two consequences. First, large manufacturers are more likely to implement lean practices than are small ones (Lowe et al., 1997; White et al., 1999; Shah and Ward, 2003) . Second, though small firms may also implement critical elements of LM, the applied practices will, to some extent, be different than the practices in large firms. One characteristic distinction is the use of multifunctional workers. Small companies cannot afford to employ different workers for every single task, so workers with multifunctional skills will be more welcome (Inman and Mehra, 1990; White et al., 1999; Shah and Ward, 2003) . We used five contingency factors during our research. The first was presented by the data, as the survey was designed for companies operating in the high-tech industry . Hence, our findings are valid in this industrial context. The second factor was size, which was used as a fundamental factor during the classification of the firms (see in Point 4 below). The remaining three factors were the production system, type of order and type of product. These contingencies are vital for a manufacturing firm and have also been researched previously to a certain extent. Nevertheless, the relationship between these three factors and inventory turnover has not been addressed. Now we are able to formulate our propositions and research model ( Figure 3 ):
Proposition 1: Companies that use LM practices to a greater extent have lower levels of inventory than do companies that use LM practices less. From now on, we call the companies in the first group lean companies and the companies in the second group traditional companies.
Proposition 2: Inventory turnover is higher in lean companies that use line production systems (cellular layout or dedicated line) to a greater extent.
Proposition 3: Lean companies with make to order (MTO) and assemble to order (ATO) processes are better off in terms of their inventory turnover than are engineering to order (ETO) or make to stock (MTS) companies.
Proposition 4: Producing in batches in lean companies results in higher inventory turnover than does one of a kind or mass production. 
The survey
We have used IMSS (the International Manufacturing Strategy Survey) data for our analyses. IMSS is a global network of researchers with the objective of studying international manufacturing strategies, their implementation, and resulting performance in operations and related areas, such as supply chain management and new product development. In IMSS, data are collected by national research groups using a standard questionnaire developed by a panel of experts and using the previous editions of the research. The questionnaire is translated, if necessary, into local languages by OM professors. Although there is a suggested method of collecting data (including focusing on better companies; searching for companies by mail and/or phone; sending out the questionnaire to one contact person per company, usually a plant or manufacturing manager, in printed form; following up to help and inspire each contact person to fill out the questionnaire), it is up to the national research team to make decisions regarding this procedure. For further details regarding the survey, see the summary book on IMSS-I (Lindberg et al., 1998) or any of the articles that used data from previous rounds of the survey (e.g., Frohlich and Westbrook, 2001; Acur et al., 2003; Husseini and O'Brian, 2004; Laugen et al., 2005 , Cagliano et al., 2006 .
The IMSS-IV data bank, the one we use in this paper, extends to 711 valid observations from 23 countries from the period between 2005 February and 2006 March. Altogether, we sent questionnaires to 4251 companies, yielding a response rate of 17% including valid answers only.
Industries are not represented for each country in the sample. Nevertheless, even the smallest industry sample (manufacture of office, accounting and computing machinery, with 16 observations) draws from 8 countries.
The industry and country characteristics of the database can be seen in Tables 1 and 2 . 
Methodology
Our main goal was to ascertain find how lean practices affect inventories. In order to investigate this effect, we first had to classify the companies as traditional or lean. For this division, we used the k-means cluster method based on six sets of LM practices: a) process focus, b) pull production, c) quality programs, d) increase in equipment efficiency, e) form of lean organization, and f) continuous improvement. For the exact questions, please refer to Questions 1-3 in the Appendix. It can be seen that these sets of practices cover the four bundles we discussed in the literature review; hence, they can serve as a basis for differentiating between traditional and lean companies. We expect that the companies in the lean companies cluster use these sets of practices more intensely than do traditional companies, thus earning a higher average score for these sets of practices. Cluster means for the selected items for traditional and lean companies are summarized in Table 3 . We call the two groups in question traditional companies and lean companies. The group of traditional companies contained 280 companies, while the lean group contained 330 companies (101 companies did not answer the relevant questions and were omitted).
Based on the literature previously discussed, LM is usually used in large companies. As there are usually significant differences among companies of different sizes in the use of various manufacturing practices (Demeter and Matyusz, 2008) , we decided to check the effect of size (based on the number of employees, using the EU standard of 250 employees to create the distinction between small-and medium-sized enterprises (SMEs) and large companies). The results can be seen in Table 4 . Although there are many SMEs that can be considered lean according to our criteria, there is a clear tendency to use lean practices more intensively among larger companies. The Chi-test of the size effect (that is, the trend stipulating that it is more possible to find lean companies among large firms) is significant at any level (Chi-value = 29.6, p = 0.000). Thus, in order to see if small companies in the lean group really are lean companies, we collected some measures from the survey that, according to the literature review, count as typical lean measures. Such measures are, for example, the ratio for JIT delivery from suppliers, the ratio for JIT delivery to customers, throughput time efficiency, late delivery, and scrap and rework costs (see Questions 4-6 in the Appendix). Small lean companies should be at least as highperforming in terms of these measures as their traditional competitors. If this does not hold, then our selection criteria for separating the two groups are wrong. We also checked these criteria for large companies. The differences are summarized in Table 5 . For the most typical lean measures (JIT deliveries, throughput time efficiency) large lean companies perform significantly better (at the p = 0.05 level) than do traditional companies, while in terms of reliability and quality, they are not worse than the others. On the other hand, we did not find any significant difference between small lean and traditional companies in the examined performance measures. Thus, following the literature and our results, we decided that our analysis would only include large companies. This meant that we had 255 companies to compare, of which 84 were traditional and 171 were lean companies.
Analysis and results

LM practices and inventory turnover (Proposition 1)
Our main research question was how LM practices affect inventory turnover. The survey asked about the inventories in terms of number of production days (see Question 7 in the Appendix). Unfortunately, this scaling caused difficulty in calculating inventory turnover in the usual way (365 / inventory days). Several companies indicated that they have inventory that spans zero days, but the real inventory level could be anywhere between zero and one day. We chose not to replace these answers with some arbitrary average number, as a very small change in the number would cause a huge change in inventory turnover (e.g., a 12-hour inventory would mean a yearly inventory turnover of 730, while a 6-hour inventory would mean a turnover of 1460). Therefore, we decided to use inventory day data to characterize inventory turnover. We used correlation analysis for this purpose. The results can be seen in Table 6 . On the basis of Table 6 , our proposition is supported. Each type of inventory turns faster at large lean companies than at large traditional ones. The greatest differences are on the supply and customer sides of the firm, even though our criteria for separation have been based on the internal manufacturing characteristics of companies (production control, quality, human practices). Nevertheless, the work in process (WIP) inventory based on production days is also lower for lean companies.
Contingency factors and inventories
Each company is different, however, in the nature of the demand it experiences and in the production system it uses to satisfy its customers, even if they all use lean practices. Therefore, the important question is how efficient lean practices can be if the conditions are not "ideal" for their use. We examine this question in the following analyses. From now on, we will inspect only large lean companies and try to find the relationship between the various contingency factors (production system, order type, product type) and corporate inventories.
The role of production systems (Proposition 2; see Question 8 in the Appendix)
LM practices usually fit with line production systems; they are not really applicable to job shop environments. Therefore, it is more usual to apply line production (cellular layout or dedicated lines) to LM environments, and inventory turnover is expected to be higher with line production than with job shops. The results can be seen in Table 7 . The results do not contradict our proposition. The most typical production system in lean companies is the dedicated line, but the other two types also can be identified. The type of production system itself, however, relates significantly only to WIP inventories. The higher the ratio of dedicated lines in companies, the smaller the level of WIP inventories. This is the only type of production, however, that results in a reduced number of WIP inventory days. Both cellular layout and job shops increase its level, the latter significantly.
The role of order type (Proposition 3; see Question 9 in the Appendix)
One of the objectives of LM is to improve lead times and responsiveness to customer orders. Thus, lean companies can easily handle make to order (MTO) situations, and we expect to find MTO and assembly to order (ATO) to be the most typical methods of order fulfilment. Make to stock (MTS) processes should be occurring at a much lower level due to the aim of eliminating waste; this includes finished goods (FG) inventories without customer orders. In addition, engineering to order (ETO) might result in excessive delays in response time.
Results can be seen in Table 8 . In two-thirds of situations, the products are manufactured or assembled to order. The relationship between order type and inventory is, however, very fuzzy. In the ETO situation, as production is preceded by product development, raw material (RM) is ordered only after the design is accepted by the customer and after production, the FG goes directly to the customer. As a result, the level of RM and FGs can be reduced, which might be the reason for the negative relationship exhibited in Table 8 . The specific designs, however, do not make routine work possible in production; the products have to spend more time in the production system than does a mass product on an assembly line. Thus, the higher the ratio of engineered to order products, the higher the amount of work in production process days. Manufacturedto-order products require some RM if they are to be responsive enough to customer orders. However, as in the case of all other order types where the customer is known, the relationship between FG production days and order type is negative: the higher the ratio of the given order type (engineered/manufactured/assembled to order) to the total amount of orders, the lower is the level of FG inventories. Production to stock is quite the opposite in this sense. The more standard the product, the lower the level of WIP inventories, although the relationship itself is not significant. Altogether, there are three significant relationships between inventory days and order type. MTO is positively related to RM inventory days, but ATO is negatively linked with it. The latter might be true because some preliminary steps have already been done on the products so that they are already in a WIP form, not RM form. This kind of preliminary work is not characteristic in MTO situations. There is a very strong positive relation between the FG inventories and produced to stock situations. The higher the ratio of MTS, the more time FGs spend in inventory.
Looking at the total effect of order type on inventories, one sees that the best alternative seems to be ATO, where all types of inventories spend less time at the company.
The role of product type (Proposition 4 see Question 10 in the Appendix)
Smaller batch size, ideally a batch size of one, is the objective of LM. This does not mean, however, that the goal is one-of-a-kind production. It does mean that companies can produce several kinds of products in smaller or larger batches. The most typical size is a batch, with one-of-a-kind or mass production less often used. The results can be seen in Table 9 . Although the direction of relationship between the type of product and inventory days is the most promising in mass production, there is no significant relationship between the type of product and inventory days.
Discussion
LM seems to be a powerful tool for managing inventory turnover. Companies that implement lean practices in manufacturing have significantly better inventory turnover for each type of inventory (RM, WIP and FG) than do traditional companies. Although this result is quite intuitive, not much research supports these facts empirically (Oliver et al., 1996; Schonberger, 2003; Sohal and Egglestone, 1994) . However, even if LM is suggested to be a panacea in several industries and services today, according to our results, its impact can be very different in various contexts Davies and Kochbar, 2002; Shah and Ward, 2003; White et al, 1999) . The type of production system has the most significant impact on inventory turnover-in particular, on WIP inventories. The second most significant is the ordering policy applied, which primarily affects inflow and outflow inventories. Finally, product type, or the mass nature of the product (one of a kind, batch or mass) itself does not seem to directly influence inventory turnover. The latter does not necessarily mean, however, that there is not an indirect relationship between product type and inventory turnover.
If we think about the product-process matrix, then our results suggest that there is a mismatch between products and processes: we found direct relationships between processes and inventories but no relationship between products and inventories.
Classical LM uses a cellular layout in order to maintain the flexibility of production while improving resource utilization (Chase et al, 2006) . Nevertheless, the most popular type of production among lean companies in our sample is dedicated line product. If we set aside the literature, this result seems understandable. Line production necessarily requires a smaller WIP inventory, as the product types and, thus, components are fewer and the flow is more continuous. Since we investigated large companies, they might have large enough demand to justify dedicated lines instead of manufacturing cells. Indeed, this seems appropriate if, as indicated by our results, dedicated lines work with the highest WIP inventory turnover as compared to job shops or cellular layout. That is, if we want to reduce WIP inventory, then the best option is to use dedicated lines (higher inventory turnover) and the worst one is to work in job shops (lower inventory turnover). Cellular manufacturing does not have any significant influence on inventory turnover. What are the managerial implications of these results? If we have several products that can be organized in product families and thus in manufacturing cells, then we can avoid the negative consequences of job shops by organizing manufacturing cells for the same portfolio of products. However, if the volume is large enough, then it is worthwhile to go further and build dedicated lines for products. Of course, our logic is valid only from the inventory turnover point of view, as we did not analyze other performance measures.
Another contingency that we investigated is the ordering policy used. As one of the objectives of LM is to reduce lead times and thus produce exactly what the customer wants (pull), the most frequent ordering policy is MTO. However, very few companies have such a short lead time that they start the whole production process only when the customer order takes place. Thus, many lean companies put the decoupling point closer to the customer and do some preliminary production. The other two policies (ETO and MTS) are less frequent in lean companies (Chase et al, 2006) . While the type of production system influences WIP inventories the most, the ordering policy impacts RM and FGs the most in lean companies. Looking at the behavior of inventory turnover under various ordering policies, one sees that the best policy is ATO, which significantly increases RM inventory turnover and also reduces FG inventories (although the significance level is very weak). This means that ATO systems can work from the lower level of inventories and deliver FG to customers as soon as possible. This result does not necessarily come from the ordering policy itself. ATO policy is usually connected to a standardized product portfolio, where product customization takes place only in the last stages of production, so the number of components is relatively low compared to the type of products produced. Although MTO policy does not seem to be very dissimilar to ATO, its impact on inventory turnover is just the opposite. In MTO environments, companies have to preserve a wide portfolio of RM in order to satisfy incoming customer orders as soon as possible, as in MTO, the delivery time is usually a critical performance indicator. ETO, on the other hand, usually allows longer lead times for companies, and while development processes are taking place, the purchasing processes can be executed. As a result, the level of RM inventory is lower than for MTO. Finally, MTS requires by far the highest level of FG inventories, as these enterprises have to be ready to fulfil any order from stock by definition.
The most important point that we can glean from this analysis is that standardizing products and postponing product proliferation is worthwhile if we want to increase RM inventory turnover. The third contingency examined is the mass character of products. We expected that, in an LM environment, batch production would be the method most often employed, but that, in the case of large demand, mass production would also be possible. This expectation was valid; however, the mass character of the products only had one significant impact on inventory turnover. The exception emerged for one-of-a-kind products, which are weakly correlated with FG inventories. This is quite understandable, as producing items one by one means we know exactly for whom we are producing the given product, so that it is usually delivered to the customer right after it is finished. Altogether, the results we have can be easily explained and fit the logic of LM. We consider it an important contribution, however, that the contingencies we found seem to have a very clear impact on the various forms of inventories. The production system affects the level of WIP inventories, while the ordering policy used affects the RM and FG inventories. As a result, if companies want to improve their inventory turnover, they have to know which type of inventory they want to address in order to find the right step to take.
Conclusions and further research
We can draw several conclusions from this analysis. First, we found a significant relationship between LM practices and inventory turnover. Lean companies keep fewer inventories of any type. In addition, LM practices were mostly applied in environments described in lean theory. Concerning contingency factors, we found that different types of inventories are sensitive to different contingency factors. WIP is affected strongly by the production system, while RM and FG are affected by the type of order. This link further emphasizes the importance of proper decoupling point placement in the supply chain. Product type, however, does not influence the efficiency of inventory management. It is important to note that if we focus on inventory turnover, cellular manufacturing may not be the best facility layout (though this layout is widely regarded as the one that suits LM best). One limitation of our paper is the industrial context. The IMSS-IV survey was distributed to companies in the high-tech industry (ISIR 28-35), so our results can be fully applied only within these industries.
In further research, it may worth examining the differences among the individual industries of the ISIR 28-35 industries. In addition, our model could be extended to include other business performance indicators. In this way, we could see whether there is a direct relationship between inventory turnover and business performance or whether this effect is not that strong in itself. Another possible method of further research would be to verify whether a product-process mismatch does really exist at such companies. As we mentioned in the discussion section, we found a relationship between the processes and inventories we examined, but there was no relationship between the product types and inventories. This may have been caused by some kind of product-process mismatch, in which case this question should be addressed.
